Most philosophical accounts of emergence are based on supervenience, with supervenience being an ontologically synchronic relation of determination. This conception of emergence as a relation of supervenience, I will argue, is unable to make sense of the kinds of emergence that are widespread in selforganizing and nonlinear dynamical systems, including distributed cognitive systems. In these dynamical systems, an emergent property is ontological (i.e., the causal capacities of P, where P is an emergent feature, are not reducible to causal capacities of the parts, and may exert a top-down causal influence on the parts of the system) and diachronic (i.e., the relata of emergence are temporally extended, and P emerges as a result of some dynamical lower-level processes that unfold in real time).
Introduction
The conception of "emergence" is very much a philosophical term of art; it can mean, as Jaegwon Kim mentions, pretty much what you want it to mean, "the only condition being that you had better be reasonably clear about what you mean, and that your concepts turn out to be something interesting and theoretically useful." (2006, p. 548 ) Indeed, the debate about emergence is crowded with multifarious and vague claims -such as "the whole is more than the sum of its parts" (cf. Silberstein & McGeever 1999) . Fortunately for us, we do not have to start from scratch when we begin to reflect on how best to understand the notion of emergence. For example, there are signposts like the following from Mitchell, who highlights that: "The key features of emergence for both philosophical treatments and scientific applications are novelty, unpredictability and the causal efficacy of emergent properties or structures, sometimes referred to as downward causation [or, "circular causation" in dynamical systems theory (Kelso 1995, p. 9) ]." (2012, p. 173) This passage gives us an initial fix on the issue of emergence, since it expresses three different interpretations of what is at stake in the discussion concerning emergence: one epistemological; and two different species of ontological emergence. In the case of epistemological emergence, emergent phenomena are conceived of as unexplainable or unpredictable prior to modeling. Epistemologically emergent phenomena are cases in which it is often hopeless (if not impossible) to understand emergent features of the whole or the behavior of the whole by tracing only the individual parts or processes making up the whole. Often, as Silberstein & McGeever point out, in these cases "we must find a method of representing what the system does on the whole or on average in a manner which abstracts away from causal detail." (1999, p. 185) Prima facie, at least, dynamical systems theory is a paradigm discipline in which the study of qualitative behavior of higher-level phenomena is dependent on simulation/modeling. There are at least two possible meanings of ontological emergence. The first is that a system S, say, has emergent features, Ps, that are not reducible to the component parts that make up S, or that are not determined by the base or lower-level causal processes. As such, the Ps in S may be said to "possess causal capacities not reducible to any of the intrinsic causal capacities of the parts nor to any of the (reducible) relations between the parts." (Silberstein & McGeever 1999, p. 182) The second meaning of ontological emergence is that emergent features, Ps, are features of a system, S, that possess causal capacities not reducible to the parts that make of S, and where the Ps in question exert a causal influence on the parts of the system "consistent with, but distinct from, the causal capacities of the parts themselves." (Silberstein & McGeever 1999, p. 182) Ontological emergence, especially in its second formulation, is the most radical of the three species of emergence, yet several philosophers have recently argued that ontological emergence, with downward causation, is ubiquitous in nature -e.g., in far-from-equilibrium dynamical systems (Boogerd et al. 2005; Campbell & Bickhard 2011; Mitchell 2012; Silberstein 2012; and Silberstein & McGeever 1999 ).
Metaphysical building-relations and diachronic vs. synchronic
Before setting up the arguments that I shall develop in this paper, we need to clarify a few conceptual issues. In the search for ontological emergence that is diachronic, yet not a supervenience relation (note that the standard view of emergence presupposes that emergent features supervene on an "emergence base," thus construing emergence as a species of supervenience), the first thing we need to understand is the idea of a metaphysical building-relation. In her (2011) article, "Construction area (no hard hat required)," Bennett begins by specifying that a variety of relations widely used by philosophers -such as constitution, composition, realization, supervenience, emergence, and many others -are species of socalled meta physical building relations. By "building-relation," Bennett intends to capture what the idea of something being built up from or generated from or giving rise to or getting out of implies. A few familiar examples of this idea: how do non-relational properties give rise to relational properties? How are higher-level features generated from lower-level ones, and what is the relation between them?
Unlike diachronic emergence, metaphysical building-relations such as supervenience are usually considered to hold synchronically (note that insofar as emergence is based on supervenience, as it is assumed in the standard view, emergence equally holds synchronically). But what does "diachronic" as well as "synchronic" mean in this context? The central reason for conceiving of supervenience in terms of synchronicity is nicely captured by Bennett: "Building relations do not unfold over time. [If property Q supervenes on P, it does so at some time t]; […] ; if these time slices compose that persisting object, they do so simpliciter. Causation, in contrast, is paradigmatically diachronic, and that idea is frequently invoked to distinguish causation from relations like composition, constitution, or supervenience […] ." (2011, pp. 93-94 ; italics in original) That is to say, if Q supervenes on an event, state or process P, Q exists where and when P exists. Hence, for some event, state or process Q, if P takes place prior to Q's occurrence, or if P takes place apart from Q's occurrence, then Q does not supervene on P (see also Shapiro 2011). Thus, if a metaphysical building-relation holds synchronically, the relation between Q and P, say, must hold instantaneously and Q cannot be the result of a temporally unfolding process, if the relation between Q and P is to qualify as a metaphysical building-relation. In contrast to synchronic building relations, if a building-relation is diachronic, which is the case for diachronic emergence, then the emergent feature, as Silberstein puts it, "emerges as, at least in part, a function of some dynamical lower-level or more basic process that unfolds in time. As the system evolves in time new 'higherlevel' properties will come into being as a [result] of the unfolding of the more fundamental dynamical process [es] ." (2012, p. 630) But can we say more than this? In the case of supervenience and emergence, since both relations are (or can be said to be) metaphysical relations, the distinction between "synchronic" and "diachronic" must equally pick out something of ontological significance. To get a fix on this, consider the split between what I call "ontological synchronicity," on the one hand, and "ontological diachronicity," on the other. The supervenience relation between Q and P, say, is ontologically synchronic, in the sense that Q supervenes on P at every moment at which it exists, viz., that Q supervenes on the intrinsic states of P, where the intrinsic states of P are intrinsic to a particular time interval, as opposed to being spread or extended across a number of time intervals. On the account provided by Hofweber & Velleman, on the so-called endurance-perdurance distinction, we can capture what it implies for Q to supervene on P ontologically synchronic. As Hofweber & Velleman specify: "the [elements that] are intrinsic to a time have to determine the identity of the object in order for its identity to be fully determined at that time." (2010, p. 16) Now, contrast ontological synchronicity with ontological diachronicity. In emergence, if the relation between lower-level processes, Xs, and the higher-level emergent feature, Y, is diachronic (ontologically), then the relation of emergence is not ontologically synchronic -that is, it is not present in its entirety within a single time slice. In cases of diachronic emergence, the relata are commonly processes; and for processes to be what they are, they depend on spatiotemporal or causal continuity. A process such as a "Mexican wave," is a temporally extended process, with temporal parts consisting in each person standing up slightly after the person next to them does. As Hofweber & Velleman put the point: "What there is of this process -[one person standing up slightly after the person next to them does] -is not sufficient to determine that particular process is taking place." (2010, p. 14) That person could have stood up at that particular moment, just as it actually occurs in sporting arenas, without any other persons standing up slightly at other moments so as to give rise to the same process. Therefore, the Mexican wave is not wholly emergent in its temporal entirety within a particular time interval; and, moreover, not even is the Mexican wave fully determined by the event of a person standing up slightly after the person next to them does to be the process that it is. Hence, the relation between the Xs and the Y in the example of the Mexican wave does not hold ontologically synchronic.
With these conceptual clarifications out of the way, I now turn to expose the arguments that I will pursue here.
Argument and scope
My ultimate aim in this paper is to determine empirically plausible cases of ontological emergencecases, which, in addition to ontological emergence with downward ca usation, are diachronic, although non-supervenient. In doing so, I shall argue for two points.
First, I shall argue that what Boogerd et al. (2005) , Humphreys (2008) , McLaughlin & Bennett (2011) call the standard philosophical account of emergence based on mereological supervenience misses entirely is the dynamics of how higher-level emergent phenomena arise and are maintained over time. Claims involving emergence are ubiquitous in discussions of self-organizing, nonlinear dynamics (Beer 1995; Kelso 1995; van Gelder 1998) , artificial life and robotics research (Brooks 1999; Pfeifer et al. 2005) , extended and distributed cognition (Clark 1997; Hutchins 1995; Menary 2007; Theiner et al. 2010; Wheeler 2005) , enactivism (Di Paolo 2009; Varela et al. 1991) , developmental systems theoretic approaches in biology (Griffiths & Stotz 2000; Oyama et al. 2001) , and certain divisions in philosophy of science (Boogerd et al. 2005; Wimsatt 1986 ). My first argument is thus that what these sciences show us is that there are processes, often involving nonlinear dynamics, giving rise to emergent phenomena, and that these processes, together with the emergent phenomena, escape explanation in the logical and very abstract framework of supervenience. Second, I shall argue that the there is a tension within certain mainstream accounts of extended cognition (EC), and that the search for, and development of, an account of ontologically diachronic emergence, can help highlight this tension. The tension is as follows: some defenders of EC make references to both an ontologically diachronic conception of emergence and employ the relation of supervenience in their writings. In his many writings on issues across dynamical, embodied and extended cognition, Clark (1997 Clark ( , 2001 Clark ( , 2008 has done much to develop the idea that the study of ontologically diachronic emergent phenomena must sit at the very core of the scientific pursuit to understand cognition. However, despite this affinity for ontologically diachronic emergence, Clark also wants to defend claims of the following sort:
"A recurrent theme in previous chapters has been the ability of body and world to act as what might now be dubbed "participant machinery" -that is, to form part of the very machinery by means of which mind and cognition are physically realized and hence form part of the local material supervenience base for various mental states and processes." (Clark 2008, p. 207; italics added) Why would Clark want to apply both ontologically diachronic emergence and supervenience, if these two relations, as I have pointed to already, are mutually exclusive? Perhaps Clark's use of the relation of supervenience is purely dia lectica l -that is, an attempt to beat the metaphysical internalists by using the latters terminology? Indeed, a charitable reading of Clark's work might suggest this. However, note that if Clark intends to use supervenience for more than just dialectical purposes, that is, to employ the supervenience relation in its strong metaphysical mode, this is impossible, precisely because the notion of ontologically diachronic emergence rules out the justifiability of supervenience. Moreover, insisting on the claim that emergence is compatible with supervenience, if supervenience miss out entirely on the dynamics involved in integrating and maintaining emergent processes or systems, sits uneasily with the larger project of EC, which is to explain the integration of complementary neural and extra-neural elements, together with the transformatory effects of such integration on our cognitive capacities (cf. Menary 2007; Sutton 2010) . Consequently, the second argument that I shall pursue here is that friends of EC should avoid using the notion of supervenience unconditionally -both for dialectical purposes as well as for metaphysical ones.
Overview
In section 2, I will consider a couple of examples of emergence in dynamical systems to serve as a backdrop for the discussion that follows in later sections. In section 3, I analyze the relation between emergence and supervenience. In particular, I shall discuss in some detail the philosophical arguments provided by Kim, (1999 Kim, ( , 2006 , whose views on this relationship have been influential in shaping the debate about emergence. During this discussion, I shall use the test cases as a basis for my argument that (a) Kim is wrong to insist that supervenience is necessary for emergence, and (b) that Kim is wrong in his rebuttal of emergence, since the issue of downward causation is not as problematic as Kim seems to think. After making a case for ontologically diachronic emergence, I shall turn from looking at lower-order physical cases to considering higher-order examples of socially distributed cognition in section 4. In the final section, I consider the problem facing some of the defenders of mainstream EC due to the endorsement of the supervenience relation.
An example
An understanding of emergence that has become widespread in the scientific and philosophical models listed above -nonlinear dynamics, artificial life and robotics research, extended/distributed cognition, enactivism, developmental systems theory in biology, and certain strands of philosophy of science -is that emergence is identified with a certain kind of non-aggregative part-whole structure, including selforganization and nonlinear dynamics (Campbell & Bickhard 2011; Clark 2001; Mitchell 2012; Oyama 2001; Silberstein & McGeever 1999; Theiner et al. 2010; Wheeler 2005; Wimsatt 1986 ). That is, a phenomenon will become increasingly less aggregative and consequently more likely emergent as t he number, duration, and complexity of the interactions between its parts increases (cf. Wheeler 2005, p. 260; Wimsatt 2000, p. 275) Aggregation we can understand as a simple kind of compositional relationship between a whole and its parts, e.g., the weight of a pile of rocks is the aggregate weight of each component rock making up the whole. However, as Mitchell points out (2012, p. 179) , there are several different ways in which compositional aggregation will fail to pick out the appropriate relationship between a whole and its parts.
One way is found in the complexity of dynamical systems represented by self-organizing as well as nonlinear dynamics. Consider the example from dynamical systems theory of a fluid heated from below and cooled from above. Here is how the example goes. Take some oil, put it in a pan, and apply a heat source from below. As the heat is applied it increases the difference in the temperature between the top and the bottom of the oil layer. At a critical threshold, an event called an instability occurs such that the liquid begins to self-organize a coherently rolling motion. This motion is a convection roll.
What happens is that the cooler liquid at the top is denser, thereby falling, whereas the liquid at the bottom is warmer (and so lighter), thus tending to rise to the top. Of such a process, what we mean by self-organization: the system organizes itself, but there is no "self," no agent inside the system doing the organizing.
[And] the amplitude of the convection rolls plays the role of an order parameter or collective variable: all the parts of the liquid no longer behave independently but are sucked into an ordered coordinated pattern […] . It is this coherent pattern that is described by the order parameter and it is the order parameter dynamics that characterizes how patterns form and evolve over time. " (1995, pp. 7-8; italics in original) How is the term "emergence" used in this case? The simplest thing to determine is if the phenomenon in question is a property, an entity or thing, a behavior, a mechanism, a process, or some substance? In the case of convection rolls, the type of phenomenon that emerges is a process, in the sense that for it to persist it must evolve over time (cf. Hofweber & Velleman 2010) . But insofar as the process is emergent, in what sense, then, is it novel? Is it novel in terms of some kind of irreducibility, unpredictability or unexpectedness? (Cf. Silberstein 2012) The emergent pattern of convection rolls is not predictable by an aggregation of the behaviors of the individual molecules, but only from the complex (viz., non-aggregative) self-organizing interaction between the component parts and the local order parameter, which is created by the coordination between the parts. So, this particular pattern is not novel because of some form of unexpectedness; rather, it is novel because of its unpredictability. In understanding what "unpredictability" implies in this context, Kim (1999) distinguishes (importantly) between inductive predictability and theoretical predictability. This is an important distinction, because even emergent phenomena such as the pattern of convection rolls are inductively predictable. That is, having observed an emergent phenomenon like cyclical convection rolls emerge whenever any system of components such as molecules are applied heat, we may indeed inductively predict the occurrence of convection rolls. What those defending emergentism are denying is the theoretical predictability of convection rolls given our knowledge of the basis constituents of the phenomenon. Hence, when saying that the emergence of convection rolls is unpredictable, it is theoretical unpredictability that is meant. "A property of an object or system is epistemologically emergent if the property is reducible to or determined by the intrinsic properties of the ultimate constituents of the object or system, while at the same time it is very difficult to explain, predict or derive the property on the basis of the ultimate constituents.
Epistemologically emergent properties are novel only at the level of description." (1999, p. 186) The fact that the appearance of convection rolls is novel due to its unpredictability would suggest that it is emergent epistemologically, and hence only novel at the level of description. Obviously, if this is the case, then this example cannot be a case of ontological emergence, in the sense that the definition of epistemological emergence precludes ontological emergence. Recall that ontological emergence is the view that emergent phenomena are not reducible to their ultimate constituents, the molecules in the example being discussed. But, there is a further feature of emergence that is revealed in the case of convection rolls, suggesting that in addition to unpredictability, it is indeed a case of ontological emergence. As Kelso states in the above quotation: "the amplitude of the convection rolls plays the role of [a collective variable]: all the parts of the liquid no longer behave independently but are sucked into an ordered coordinated pattern […] ." (1995, p. 8) That is, the convection cycle involves a kind of "circular causation" (Kelso 1995, p. 9) in which self-organized dynamics of the individual component molecules give rise to a larger pattern, and this higher-level pattern, in turn, has ca usal efficacy over and above those of the individual molecules, in the sense that the higher-level pattern enslaves those individual molecules into a recurrent pattern of rising and falling (see also Clark 2001, p. 113) . So in this dynamical case, certain features are -it would seem -ontologically emergent features of wholes that possess causal capacities not reducible to any of the causal capacities of the individual component molecules. Hence, this example is both emergent epistemologically (due to its unpredictability) and ontologically (due to its higher-level causal efficacy).
Can we be more specific than this? Well we can ask whether the kind of emergence in question is diachronic or synchronic? As I argued in section 1.1, processes depend for their existence on spatiotemporal continuity. To exist in the sense of process is to exist as a dynamical and temporal unfolding in time, and where the process cannot be fully emergent in its temporal entirety within a particular time interval. This suggests that the kind of emergence present in the case of convection rolls is diachronic.
By "synchronic," recall, I mean an atemporal or instantaneous relation between higher-and lower-level features. That is, had the relationship between higher-and lower-level elements been synchronic, this would have implied that the higher-level process of the convection cycle has to emerge instantaneously -which is not the case. Note, though, that in his survey of emergence, Silberstein (2012) points out that there are two different ways to understand the claim that emergence is diachronic. The first is that "P has causal powers, capacities, etc., [that is] neither synchronically nor diachronically determined by the base or lower-level causal processes." (2012, p. 630) I do not wish to endorse this meaning of diachronicity, since it implies that the emergent feature(s) is entirely independent from the components parts of the system in which it (or they) are occurring. Note also, that this mode of diachronic emergence is incompatible with the example of convection rolls, in the sense that the recurrent cycle of convection rolls come about due to causal complexity of the parts of the system over time. The second version of diachronic emergence, Silberstein defines accordingly: "[…] P only emerges as, at least in part, a function of some dynamical lower-level or more basic process that unfolds in time. As the system evolves in time new 'higher-level' properties will come into being as a [result] of the unfolding of the more fundamental dynamical process." (2012, p. 630) This is the version of diachronic emergence that fits with the dynamical systems case of convection rolls.
In finishing this section, I want to return to the relationship between diachronicity, on the one hand, and synchronicity, on the other, explored in section 1.1. Following Silberstein & McGeever (1999) , Silberstein (2012) , if P is emergent diachronically, then P depends for its persistence upon temporal unfolding at the higher-and lower-level. By "synchronic," then, if P is emergent synchronically, P does not depend on temporal unfolding for its existence, viz., the relationship between P and its base level holds completely at a particular time instant. However, what is the relationship between diachronic and synchronic in the context of emergence? Presumably it is natural to think that there are in the world both synchronic and diachronic relations. But there are at least two possible meanings of the claim that there are in the world both diachronic and synchronic relations.
The first is that the two relations are distinct, full stop -either P is emergent synchronically or P is not emergent synchronically. Such an "all-or-nothing" view of emergence is seen in authors who think of the relationship between emergent features and the lower-level constituents as one of synchronic supervenience (see e.g, Broad 1925; Kim 1999 Kim , 2006 McLaughlin 1997; van Cleve 1990) . The second is that diachronic and synchronic relations are different, because only a diachronic account of emergence can explain the dynamics of how emergent features arise and are maintained over time.
Unlike the first meaning of this distinction, this formulation is critical of the usefulness of purely synchronic approaches, since what is lost with the synchronic ("snap-shot") view is the dynamics of how processes, often involving self-organizing and nonlinear dynamics give rise to emergent features and regulate their unfolding over time (cf. Humphreys 2008; Mitchell 2012) . Thus, another option is to run with this second understanding of the relationship between diachronicity and synchronicity. Note, though, instead of rebutting the applicability of the synchronic dimension simpliciter, one could argue that claiming that a system was in some particular emergent "state," X, at a specific synchronic time instant "really boils down to saying that the average of the system's states during that period of time was X." (Spivey 2007, p. 30 ; italics in original) Claiming that a system has emergent features synchronically should therefore be understood as a theoretica l abstraction, but should not be mistaken as evidence for the claim that that token emergent feature ontologically exists at a synchronic, instantaneous point in time.
This completes my discussion of the example from self-organizing, nonlinear dynamics. I will now consider in some detail arguments from Kim (1999 Kim ( , 2006 , whose philosophical arguments have as intended upshots to (a) establish that supervenience and irreducibility are necessary (not sufficient) conditions for emergence, and (b) that emergence is ultimately problematic due to inherent problems with the issue of downward (or circular) causation. As will become clear throughout this section, the view that I hold concerning the diachronic-synchronic distinction, and that I shall argue for, is one that (a) does away with supervenience, and (b) takes synchronic relations to be abstractions from the nature of dynamical and emergent phenomena.
The standard account: Emergence and supervenience
In his 2006 article on emergence, Kim explicates what he takes emergence to mean. The formulation he suggests is the following: "the intuitive idea of an emergent property stems from the thought that a purely physical system, composed exclusively of bits of matter, when it reaches a certain degree of complexity in its structural organization, can begin to exhibit genuinely novel properties not possessed by its simpler constituents." (2006, p. 548) One might dispute the gloss that a purely physical system is "composed exclusively of bits of matter," because it presupposes the validity of substance ontology (cf. Campbell & Bickhard 2011; Seibt 2009 ), but otherwise that is the prevalent idea of emergence. That is, ontologically there is just physical "stuff," there is no new substance. In the case from dynamics, there are emergent convection rolls, but this emergent phenomenon is ultimately of the same physical stuff as the lower-level components. Call this idea the principle of physical monism (cf. Stephan 1999) . This is Wheeler's (2005) Muggle constraint in operation: if you want to understand how emergent features come about, you had better not appeal to anything non-physical. There is a further principle mentioned in the passage from Kim, call this the principle of organizational features, which states that only those features that none of the components part have in isolation can be emergent. Concerning supervenience, Kim argues that supervenience must be a necessary co ndition that any adequate analysis of emergence must satisfy. Consider two wholes that have identical microstructure (i.e., they are composed of identical basic physical constituents configured in an identical structure) yet different concerning the supposedly emergent properties. Applying this to the dynamical case of rising and falling fluid, there may be two molecule-for-molecule identical systems, although only one of them displays convection rolls. If such cases were possible, Kim says, albeit Kim uses a standard example of the relationship between pain and physical neural components, the relation between putatively higherlevel emergent phenomena and their physical base components would be "irregular, haphazard [and/or] coincidental." (2006, p. 550) In other words, what justification could there be for saying that cyclical convection rolls "emerges from" that specific physical configuration rather than another? Hence, Kim rejects the view that an emergent feature of a whole is not determined exclusively by its bits of matter, in a certain structural organization. As Kim says: "If supervenience, or upward necessitation, is taken away, that takes away something essential to the meaning of "emergence" […] ." (2006, p. 550) Therefore, he concludes by stating supervenience is a necessary condition for emergence; that we have to accept the proposition claiming the following: The difference between these two is that strong supervenience is quantified over possible worlds. The weak version says that if individuals are B-indiscernible, there can be no possible world in which these are A-discernible. The strong formulation stipulates that if B-indiscernible, then it is not possible for two individuals to be Adiscernible, whether in the same or different worlds. The basic idea of "global supervenience" is simply to apply the "indiscernibility considerations" globally to "worlds," rather than to "individuals". Kim (1997) defines the idea of global supervenience accordingly: "Worlds that are indiscernible in respect to subvenient properties are indiscernible in respect to supervenient properties." For weak and strong versions of global supervenience, see Bennett (2004) , McLaughlin (1997) , Sider (1999), and Stalnaker (1996) . Note that in the next section I present an argument developed by O'Connor (2000) that rejects both strong and weak formulation of both individual and global supervenience. Suppose that when a dynamical mechanism H comes to have a particular configuration P* at time T0, the baseline emergent feature E is the result at T1. Because H is a dynamical system, the specific organization of H is, at least in part, determined by P* as it unfolds. Note that I say that H is "at least in part" determined by P* during the period of H's existence -this is because H qua being a dynamical
system is an open, non-equilibrium system. It is open in the sense that it interacts with its environment -exchanging energy and matter. It is non-equilibrium in the sense that without these interactions, it cannot maintain proper (low) levels of entropy (cf. Kelso 1995, p. 4 Fig. 1) : In our test case, H is a dynamical system comprised of P*, P@ (in this case, P @ is the source of heat applied), and P0 at time T0. Because of the inherent nonlinearity of H a liquid heated only weakly from below will not display any macro-motion. By "nonlinearity" I mean that if there is an interaction between two components, X and Y, say, the value of X does not increase proportionally to the value of Y, but main remain at zero, e.g., until Y reaches a certain critical threshold (see e.g., Clark 2001, p. 115) . However, at a critical value of the temperature gradient the liquid will start to show the familiar macroscopic rolling motion we know as convection rolls. In the language of dynamical systems, here the liquid is in a bi-stable dynamical state such that the convection rolls can rotate in one direction or in the other direction. That is, either from right to left, or from left to right in its rolling motion. Note that which direction of the rolling motion that emerges is random (see figure 1.1. in Kelso 1995, p. 6 we have two dynamical systems both of which have alike physical configuration, represented by P*. In one system the interaction of the molecules is faster, because of the higher temperature gradient, where this is not the case in the second system; in one system there is rolling motion and in the other system there is not rolling motion; but the arrangement of material bits might be the same across these two systems. Importantly, rolling motions are not the only possibilities. In an open container, for instance, surface tension, as Kelso explains, can also affect the flow. According to Kelso: "The net effect of this force [viz., surface tension] is to minimize the surface area of the fluid, causing tessellation of the surface and the formation of hexagon cells. In the center of each hexagon, liquid rises, spreads out over the surface, and sinks at the perimeter where the hexagons join." (1995, pp. 7-8) Plausibly, a couple of dynamical systems might exist that are alike with respect to P* at T0, but where one has E (the cyclic pattern of convection rolls) at T1, whereas the other has E* (the pattern of liquid rising, spreading out over the surface, and sinks at the perimeter) at T1. This is plausible, and can be explained by taking into account the mechanisms involved in the generations of these two different emergent patterns. As Kelso explains: "An important point is that two quite distinct mechanisms -one to do with buoyancy and the other surface tension -can give rise to [either] the same pattern [or to two different patterns]."
(1995, p. 8) Crucially, neither buoyancy nor surface tension are elements of P*, since P*, even on the account provided by Kim, is a physical system composed only of bits of matter and their organization;
however, buoyancy and surface tension is neither bits of matter nor the organization of bits of matterboth mechanisms are the result of a system organized in a particular manner. Now, if this is true, then O'Connor is correct to insist that emergence as a supervenience relation is problematic. Note that once we consider the contribution of a system's prior trajectory through its dynamical state space, we get the picture that prior systemic elements play a role in determining emergent features of a system, and that emergent features themselves are temporally extended in time. Unfortunately for those insisting on the compatibility of emergence and supervenience, the relation of supervenience fails to apply to cases in which the relata of emergence are ontologically diachronic.
Consider, secondly, that the supervenience/determination condition states that if some feature E supervenes on, or is determined by, features N 1 , …, N n , it necessarily has E. However, what the example of convection rolls shows us is that there can be a divergence between the emergent features of two dynamical systems in the face of physical similarity at the base level. As O'Connor puts it:
"You might have the underlying physical properties P* and P2 without having had E2. For E2 is a product of the immediately prior state of H (comprised of P *, P1, and E This points us in the direction of a related problem, which comes about through recognizing that as a part-whole relation, the standard account of emergence as a supervenience relation presupposes that relational (i.e., extrinsic) properties supervene on non-relational (i.e., intrinsic) properties of its lower-level, subvenient base (cf. Lewis 1983; McLaughlin & Bennett 2011) . "Intrinsic properties" are normally understood to be those properties that an object may possess independently of everything else that exists, or independently of whether or not anything else exists. For example, the charge and mass of a classical particle are thought to be intrinsic properties of an object, whereas "being south of New York" is dependent on someone's relation to something else. In the case of water, supervenience as "A strongly supervenes sim on B if and only if for any worlds w 1 and w 2 , and for any x in w 1 and y in w 2 , if x in w 1 is not largely different from y in w 2 with respect to B-properties, then x in w 1 is not largely different from y in w 2 with respect to A-properties." (McLaughlin & Bennett 2011, p. 27; italics in original) I mention this issue here so as not to beg the question against similarity-based supervenience. Nevertheless, the point to note is that it remains an open question whether there are (or has been) any interesting philosophical uses of the idea of similarity-based supervenience (cf. McLaughlin & Bennett 2011, p. 27) . Hence, as such it poses no immediate threat to my argument for ontological emergence that is diachronic/dynamic but non-supervenient. M*, as an emergent feature, must be composed by its physical base P*, without which M* would not be present. The initial point that Kim wants to make is that for this story to be coherent, we must accept that the instance of M caused M* to be instantiated by causing the instantiation of P*. But note, as an emergent, M must itself have a physical base, call this base P. Furthermore, if M supervenes on P, then the instantiation of P should be sufficient for the instantiation of M. At this juncture in the argument, Kim invokes the principle of transitivity to assert the following: if M is causally sufficient for P*, and thereby M*, then P is causally sufficient for both P* and M*. Hence, as Kim points out: "This appears to make the emergent property M otiose and dispensable as a cause of P*; it seems that we can explain the occurrence of P* simply in terms of P, without invoking M at all. […] . If M is somehow retained as a cause, we are faced with the highly implausible consequence that every case of downward causation involves causal overdetermination (since P remains a cause of P* as well)." (2005, p. 558) In his (2006) 
In search for ontological emergence in socially distributed cognition
Thus far I have argued against the standard view of supervenience in favor of emergence as ontological and diachronic. I have based these arguments on relatively simple physical systems such as convection rolls and water. These cases I have chosen deliberately to show that we do not have to scale all the way up to cognitive or social systems to expose several key flaws in the standard view of emergence as a supervenience relation; instead it is entirely possible to stay at the level of simple physical systems, where these debates in the literature are often fought. I now want to change the pace a bit, in the sense that I wish to move from examples such as convection rolls and water to higher-level cases of socially distributed cognition in order to show that the concept of ontologically diachronic emergence can be successfully applied across a multiplicity of different levels.
Stigmergic path formation
Many group-living animals, including humans, often create path systems the result of which is highly advantageous for each of the individuals without this necessarily being the intent of any of the individuals taking part in the creation of spatiotemporal patterns such as a path. Furthermore, even if individuals interacting directly with one another do not generate the process of path formation, it is still the case that the "pattern-forming mechanism" (cf. Couzin & Krause 2003, p. 9) persists at the collective level, in the sense that it operates through indirect interaction by environmental modification -hence the term "stigmergic path formation". Herds of wildebeest create efficient foraging trails; just like ants, whereas humans are proficient at creating interconnected path-networks in urban areas.
Focusing on the emergence of human trails, Helbing et al. (1997a Helbing et al. ( , 1997b ) modeled processes of trail formation by mobile individuals in the "Active Walker" computational model. This model enables experimenters to manipulate the perception (and thus the choices) of (virtual) individuals by varying two important parameters for path formation; the first, path visibility (i.e., the extent to which an individual is influenced by distant patches' travel ease); and the second, the decay rate of a path (i.e., how quickly the influence of a step on a patch's ease of travel dissipates). In the experiment performed by Helbing et al., the walkers (individuals) were assumed to have the ability to modify the environment through or in which they move (see Fig 2. ). al., it is assumed "that people will tend to take the shortest route to their destination but tend to reconcile this global goal-oriented behavior with a relatively local preference to walk on previously (less bumpy) ground." (Couzin & Krause 2003, p . 10) As we can see in figure 2.A., walkers initially select the most direct route to their respective destination. However, over time (figure 2.B), the trails used most often become more confortable (e.g., less bumpy) and consequently more attractive. This, in turn, influences the local characteristics of the trail system. As Couzin & Krause mention: "sections of trails become shared by walkers with different desired routes, creating a trail system in which the overall length is reduced. Increasing comfort means that a given section of trail is more likely to be used in [the] future, which further increases its comfort, and so on (autocatalysis)." (2003, pp. 10 -11) That stigmergic path formation generate emergent phenomena is not surprising; indeed, what emerges through nonlinear, self-organizing interactivity at the level of individual pedestrians is a path system, emergent from the behaviors of people. Note as well that the kind of emergence in 2.A and 2.B is diachronic rather than synchronic, since both of these evolve over time and are constantly forming and reforming due to local perturbations from both individuals and environmental conditions. At this stage in the overall argument for a conception of ontologically diachronic emergence, I want to adopt the framework developed throughout this paper so as to conceive the reader that this example in a case of emergence that is ontologically diachronic.
First, there is nothing in the case of stigmergic path formation that prevents one from using either one of two possible epistemological species of the synchronic-diachronic distinction. I have not said anything about this distinction yet, so I will have to briefly introduce it. If one claims that P exists at an epistemologically synchronic point in this, this claim expresses a description of a system being at time T1, as opposed to T2, say, relative to some scientific model. Contrariwise, if one claims that P exists in an epistemologically diachronic manner, this amounts to the that P's existence is best understand as unfolding over time. Consequently, one can justifiable describe P as existing either a at particular instant or as existing across a set of time interval. But, care is required when making these claims, because in dynamical systems -like the system from which emergent pattern of trails emerge -time in considered to be continuous, in the sense that time is not decomposable into discrete quanta (cf. Spivey 2007) . If time is continuous, then changes in a systems systemic state must equally be continuous. Image that P is an emergent trail system, the claim that P exists entirely at a synchronic moment boils down to the claim that "the average of the system's states during that period of time was [P] ." (Spivey 2007, p. 30) That is to say, in a dynamical system, where time cannot be reduced to a set of discrete units, the claim P can be explained in epistemically synchronic terms must not be mistaken for the claim that P itself is ontologically synchronic. One source of intuition, I suspect, for somebody to insist that the ontological view of synchronicity captures a coherent form of emergence is if one thinks of the existence of P as a form of travel through time. On this conception of emergence, P is emergent at every moment time at which P exists through P's occupation of different moments in time in its temporal entirety. On the account provided by Hofweber & Velleman, this way of thinking "is analogous to an object's travelling through space and occupying different parts of space in its spatial entirety." (2010, p. 3) Here I want to follow Hofweber & Velleman, who state that:
"But the latter is only coherent because the object occupies different parts of space at different times. What makes it possible for an object to occupy different places in its spatial entirety is that there is another dimension, time, along which the object changes its position in space. But movement in time cannot be understood in this way, since the dimension along which the object changes position would be the same as the one in which its position is being changed." (2010, p. 3; italics in original) The problem with considering the relation of emergence between P and P's constituents, the Xs, as one that turns on ontological synchronicity is, if we follow Hofweber & Velleman, a tendency to represent the relation of emergence spatially, e.g., by drawing it on a blackboard or representing it in a diagram.
This way of thinking, however, is misleading, since the spatial representation of a dynamical system and a dynamical systems time continuous character are not analogous. In the case of stigmergic path formation, the processes from which an emergent trail emerges are temporally extended processes, i.e., that the processes giving rise to P do not exist entirely within one particular spatiotemporal moment. In this sense, stigmergic path formation is diachronically emergent, in that it is a result of certain dynamic processes that unfolds in time, which will continue to give rise to new higher-level features through temporal unfolding.
Cumulative downstream epistemic engineering
Another example of socially distributed cognition involves process of organism-driven environmental modification, which, after, Odling-Smee (1988) has become known as niche construction. Niche traits. Because of this, niche construction is, after natural selection, the second major component and participant in evolution (Laland 2004, p. 316) . For instance, the niche construction of dam building that beavers engage in may modify the selection pressures affecting the fitness of such diverse genes expressed in such different traits as teeth, tail, feeding behavior, diseases, susceptibility to predation, and so on (Laland 2004, p. 317) . Another excellent example is the burrowing activities of earthworms.
That is, through their burrowing activity, their dragging organic material into the soil, together with the process of mixing it up with inorganic material and their casting, earthworms alter the structure as well as chemistry of the soils in which they live (Laland 2004, p. 319 ). According to Laland: "As a result of their industry, earthworms affect ecosystems by contributing to soil genesis, to the stability of soil aggregates, and to soil porosity, aeration and drainage. Because of the casts contain more organic carbon, nitrogen and polysaccharides than the parent soil, earthworms can affect plant growth by ensuring the rapid recycling of many plant nutrients [and] probably benefit from the extra plant growth they induce by gaining an enhanced supply of plant litter." (2004, pp. 319-320) But what exactly is the benefit of all their activity for the local earthworm? The burrowing activity is important because earthworms, prior to their presence on land, were originally aquatic organisms. Laland sums up the importance of this as the says that only by "co-opting the soils that they inhabit and the tunnels they build to serve as accessory kidneys that compensate for their poor structural adaptation [...]," (2004, p. 321) can earthworms tackle the physiological demands of a different water -and salt-balance on land.
For my present purposes, these two examples illustrate the powerful point that once emergent the product of flourishing niche construction -e.g., the beaver's dam -can be viewed as replicators for additional traits, the effects of which are transgenerationally mediated. In other words, the activity of niche construction leads to the creation of feedback cycles running across disparate time-scales. In the two cases thus far mentioned, circular causation runs over phylogenetic and ontogenetic time.
These two examples illustrate what we might call pragmatic engineering. However, another very powerful force of niche construction is what Sterelny (2003) refers to as cumulative down-strea m epistemic engineering. By "cumulative downstream epistemic engineering," Sterelny intends to highlight the transformatory effect on human cognition through cultural transmission of knowledge as well as practices generated over individual lifetime and passed downstream to the next generation. One quite simple, although highly illustrative, case of epistemic engineering is mentioned by Clark (2001 Clark ( , 2008 , namely how expert bartenders pass down to novice bartenders an epistemically engineered or constructed niche consisting of distinctively shaped glasses and cultural practices. Within this already structured niche, the problem of remembering which sequence of drinks to prepare for the novice is transformed. On the one hand, the problem is transformed into the problem of selecting and arranging distinctively shaped glasses at the time of ordering. On the other hand, this active structuring of the bar area has the effect of "creating persisting spatially arrayed stand-ins for drink orders, actively structures the local environment to press more utility from basic modes of visually cued action and recall." (Clark 2008, p. 62 ; see also Clark (2001, p. 141 and Estonian participants with the task of discriminating between very similar vowel structures. In this study, where subjects exposed to unattended sounds in certain rhythmic patterns, Näätänen et al. (1997) established that the primary auditory cortex in the left hemisphere is highly sensitive to changes in predictable sound patterns (1997, p. 432) . In the first set of the experiments Näätänen et al. utilized
Finnish and Estonian language speakers because of a relatively small discrepancy between the two "Clark & Chalmers' (1998) aim was to show that external traces (pencil marks in a notebook) may /õ/, not found in Finnish. In the experiment, the speakers were also presented as deviants a prototype of this sound, along with vowels existing in both languages (/o/ and /ö/), and a non-prototypical vowel (located between /e/ and /ö/) (Näätänen et al. 1997, p. 432) . The result of this experiment was that the Finnish speakers showed significantly higher mismatch negativity when exposed to prototypical vowels in their native language than when exposed to the Estonian vowel /õ/. According to Roepstorff et al. (2010): "This demonstrated that when an acoustic deviant is presented, a vowel prototype in the native language elicits a larger MMN than could be explained by the acoustic properties alone." ( 
A tension in mainstream extended cognition
I now turn to consider the second argument of this paper: that defenders of EC should avoid using the relation of supervenience unconditionally. I want to begin this section by asking what the relation of supervenience is doing for EC. As mentioned in section 1.2, if one reads Clark's use of supervenience in a charitable way, one might interpret Clark's employment of supervenience to be dialectical. That is, to extend the framework of metaphysical individualism (cf. Egan 1992; Fodor 1987; Segal 1991; and others) , which states that cognitive states and processes that an individual instantiates supervene on the intrinsic, physical states or processes of that individual, to include a wide supervenience base such that cognitive states and processes may (sometimes) supervene on physical states or processes crisscrossing both neural and non-neural bodily and environmental states or processes 6 . On the interpretation, Clark takes the framework of the metaphysical individualist and argues that this particular framework is not limited a pr iori to neural states and processes, but it in fact compatible with the hypothesis of extended cognition (or the extended mind). As Clark puts it in Supersizing the Mind: what is required to make sense of time continuous dynamical systems is an account of emergence that is ontological and diachronic, since such an account can accommodate processes of reciprocal as well as mutually modulatory influence in rea l time.
Conclusion
In this paper, I have explored one of the less-visited (albeit the visitors are increasing) regions in the debate about emergence. Overall I have both argued and shown that it is possible to develop an account of ontological emergence that is ineliminably diachronic. Against the standard account of emergence as a supervenience relation, I have argued that what such an account of emergence misses entirely is the dynamics of how higher-level emergent phenomena are constituted and maintained as they unfold over time. This includes self-organizing and nonlinear dynamics, on the one hand, and downward causation, forces. Such factors and forces may be wholly internal to the system or may include selected elements of on the other. Moreover, I have used the framework of ontologically diachronic emergence to identify and discuss a tension in some of the mainstream literature over the hypothesis of extended cognition, suggesting that fans of extended cognition should give up supervenience talk unconditionally.
